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(57) Abstract 

There is described a remote controller using electromagnetic waves with automatic learning functions, characterised in that 
it comprises in combination: a radio-frequency unit (16) provided with at least one receiving device and one transmitting device 
and connected to at least one receiving and transmitting aerial (18); a microprocessor unit (10) connected to the said radio-fre- 
quency unit (16) so that it can receive data from it and send to it command signals and data to be transmitted; a memory (14) for 
the storage of the data ; and a keypad (12) by means of which the user sends the operating commands to the microprocessor (10). 
the arrangement being such that, when a learning key is pressed for the emulation of an original remote controller, the micropro- 
cessor (10) prepares the receiving device of the radio-frequency unit (16) for operation, analyses the data received from it. varies 
its operating parameters until it identifies the operating parameters of the original remote controller, and stores in the memory 
(14) the operating parameters thus identified, while, when a key is pressed to remotely control the controlled equipment, the mic- 
roprocessor (10) retrieves from the memory (14) the previously stored operating parameters and, by means of these, prepares for 
operation and activates the transmitting device of the radio-frequency unit (16). 



FOt THE FUXPOSES OP OtFOKUATtON ONLY 



Codes used to identify Slates party to the PCT on the front pages of pamphiets publishing international 
applications under the PCT. 



AT 


Austria 


PR 
GA 
GB 
GN 
GR 
HU 


AU 


Australia 


BB 
BB 

BP 


Barbadoa 
Belgium 
Burkina Paao 


BG 


Bulgaria 


BJ 


Benin 


UC 


BR 


BraiU 


IT 


BV 


Belarus 


JP 
HP 


CA 


Canada 


CP 


Central African Republic 


KB 

HZ 

U 

UL 

Ul 

LV 

MC 

MG 

ML 

MN 


CG 
CH 
O 


Congo 

Switterland 

C6ced*lv8ife 


CM 


Cameroon 


CH 


China 


GS 


OecboAlovakU 


CZ 


Oecb Republic 


DB 


Germany 


DK 

BS 


Denmark 


Spain 


n 


Roland 





France 
Oabon 

United Kingdom 

Guinea 

Greece 



Ireland 

Italy 

Japan 

Democratic People*» Republic 
oTKorca 

Republic of Korea 

Kaukbsun 

Liechtenstein 

Sri Lanka 

Luaembours 

Utvta 



Man 



MR 

MW 

NB 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SO 

SB 

SI 

8K 

8N 

TO 

TC 

UA 

US 

UZ 

VN 



Mauriunla 
Malawi 

Nigpr 

Netherlands 
Norway 
New Zealand 
Potond 
Portugal 



Russian Federation 



Sweden 
Slovenia 
Slovak Republic 

Chad 
Tofo 
Ukraine 

United SutBi of America 

Uibekisun 

Vict Nam 



wo 94/02920 PCT/IT93/00080 

- 1 - 

Description 

Remote controller using elearomagnetic waves with automatic learning 

functions 

The present invention relates to a remote controller of the type 
capable of interacting with the remotely controlled equipment through 
electromagnetic waves in the radio-frequency range, for example a remote 
controller for a gate opener, a door opener, or for a burglar alarm system for a 

, 5 motor car or for the home, provided with automatic learning de\dces to 
analyse and store the operating parameters of the original remote controller 
supplied with the remotely controlled equipment. 

The growth in demand for theft prevention devices and the increased 
interest in automatic devices controlled at a distance by remote controllers 

10 have led to the installation of large numbers of devices of the remotely 
controlled type, making it necessary to provide additional remote controllers 
either as supplementary devices when more than one remote controller is 
required for each piece of equipment, for example when more than one person 
uses the same equipment, or as spares in the case of failure or breakage. 

15 However, since each indi>idual piece of equipment requires its own 

remote controller with an individual code, the remote controllers in use 
hitherto have certain disadvantages, the main disadvantage being that it is 
necessary for the installers of remotely controlled equipment or for retailers of 
spares to hold a vast quantity of different remote controllers in stock, one for 

20 each type of equipment handled, and to execute personalisation procedures 
with each installation or replacement. 

Similarly, the individual user has to own, and consequently carry with 
him, several remote controllers, one for each piece of equipment to be used, 
for example one for the car alarm, one for the gate opener or garage opener, 

25 one for the home burglar alarm, and so on. 

Moreover, the user generally has to apply to the installer, thus 
incurring 'corresponding costs in terms of time and money, to obtain a 
duplicate of a remote controller when another person is to be enabled to use 
the remotely controlled equipment. 

30 The principal objea of the present invention is therefore to provide a 

remote controller using electromagnetic waves with automatic learning 
functions capable of analysing and emulating at least one remote controller 
originally supplied with a remotely controlled piece of equipment. 



wo 94/02920 



PCr/IT93/00080 



-2- 

Another object of the present Invention" is to provide a remote 
controller using electromagnetic waves with automatic learning funaions 
having means of storing the parameters for the emulation of many different 
remote controllers, and consequently capable of replacing, by itself, all these 
5 emulated remote controllers. 

Another object of the present invention is to provide a remote 
controller using electromagnetic waves with automatic learning funaions the 
use of witich is simple and immediate. 

A further objert of the present invention Is to provide a remote 
10 conn-oiler using electromagnetic waves with automatic learning functions 
having a simple and economical strucnire suitable for mass production. 

According to the present Invention, a remote controller using 
elearomagnetic waves with automatic learning functions is characterised in 
tiiat it comprises In combination: a radio-frequency unit provided with at least 
15 one recei>rtng de\rtce and one transmitting device and coimected to at least one 
receiving and transmitting aerial; a microprocessor unit connected to tite said 
radlo-irequency vmit so that it can recdve data from it and send to it 
command signals and data to be transmitted; a memory for the storage of the 
data; and a keypad by means of which the user sends the operating 
20 commands to the miaoprocessor, the an-angement being such that, when a 
learning key is pressed for the emulation of an original remote controller, die 
microprocessor prepares the receiving de\ice of die radio-frequency unit for 
operation, analyses the data received from it, varies its operating parameters 
until it identifies the operating parameters of the original remote conttoller. 
25 and stores in the memory the operating parameters thus Identified, while, 
when a key is pressed to remotely control die cono-olled equipment, the micro- 
processor retrieves from the memory the previously stored operating 
parameters and, by means of tfiese, prepares for operation and activates tiie 
transmitting device of the radio-frequency unit. 
30 The prindpal advantage of the remote controller according to the 

present invention lies in the fact tiiat the operation of duplication of a single 
remote controller becomes extremely simple and may tiierefore be executed by 
the user without the intervention of the installer. 

In this way, the user is enabled in a simple and economical way to 
35 have the desired number of remote controllers for the same equipment. 

According to another aspect of the present Invention, a single remote 
controller may be provided with means for the analysis and storage of many 
sets of operating parameters corresponding to different remote controllers, and 
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means for the transmission of a command signal taken from eacli set of 
operating parameters separately. 

For example, the Iceypad may comprise a number of keys, the 
pressing of at least one of which, during the learning phase, is associated with 
5 the storage of a set of parameters relating to an original remote controller 
different from that with which at least one other key is associated, while, 
during the transmission phase, it is associated with the transmission of a 
command signal for the controlled equipment, the signal being obtained from 
the set of parameters separately associated vAth this particular key. 

10 A further advantage of the present remote controller, when made 

according to the last mentioned aspect of the invention, consists In the fact 
that it becomes possible for the user to own and to carry with him a single 
remote controller with which he can operate various pieces of radio-controlled 
equipment without the necessity of ha\rtng with him a separate remote 

15 controller for each piece of equipment to be remotely controlled, as has been 
the case hitherto. 

The present Invention will be further explained in the following text, 
and other advantages will be made clear by the description oif a practical 
embodiment of the remote controller using electromagnetic waves with 
20 automatic learning functions according to the present invention, the 
description being given by way of example on a purely illustrative and non- 
limiting basis, with reference to the attached drawings, in which: 

Figure 1 is an outline block diagram of the eiearonlc drcuit of the 
remote controller using electromagnetic waves according to the present 
25 invention; 

Figure 2 is a complete block diagram of the electronic circuit of the 
currently preferred embodiment of the remote controller according to the 
/ present invention; 

Figure 3 shows the detailed electrical circuit of the remote controller in 

30 Figure 2; and 

Figures 4a and 4b in combination form a flowchart which may be 
used to explain more clearly the operation of the present remote controller. 

With reference to the attached drawings, and in particular to the 
outline block diagram in Figure 1, it will be seen that a remote controller using 
35 electromagnetic waves with automatic learning hmaions according to the 
present invention comprises a mlCToprocessor 10 whichjs connected to a 
keypad 12 through which it receives the commands entered by the user and 
which operates by retrieving program code from a memory 14 and by 
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exchanglng data v\1th the memory. The memory 14 may be located Inside the 
rrUCToprocessor itself, instead of bang external to the microprocessor, 
depending on the miaoprocessor used and the quantity of data to be stored. 
The microprocessor 10 is also conneaed to a radio-frequency unit 16 
5 which In turn is connected to a receiving and transmitting aerial 1 8. 

The radio-frequency xmlt 16 comprises Internally at least one receiving 
device to receive the signals transmitted by the original remote controller 
which is to be emulated, and to send data relating to it to the miaoprocessor 
10, and also a transmitting device to transmit, during the phase of emulation 
10 of the original remote controller, a command signal reconstructed from the 
stored operating parameters. 

In operation, when the present remote controller Is to be prepared for 
the emulation of the original remote conn-oiler supplied with the remotely 
controlled equipment, the user presses the corresponding key on the keypad 
15 12. Having received this command through the keypad 12, the miaoprocessor 
10 sends suitable commands to the radio-frequency unit 16, these commands 
bdng such as to prepare the receMng device for operation so that It recdves 
the command signal of the original transmitter, analyses the data received 
from the receiving device and varies the operating parameters of the receiving 
20 device until It Identifies the operating parameters of the original remote 
controller. The microprocessor 10 thus analyses the transmission frequency 
and the modulation code and stores all the data relating to the signal or 
operating parameters of the original remote controller in the memory 14. The 
memory 1 4 Is preferably of the non-volatile type. 
25 Subsequently, when the present remote controller Is to be used to 

operate the remotely controlled equipment, following the pressing by the user 
of the corresponding key on the keypad 12. the miaoprocessor 10 retrieves 
from the memory 14 the previously stored operating parameters of the remote 
controller to be emulated, and prepares the radio-frequency unit 16 for 
30 operation: using the operating parameters retrieved from the memory, tfie 
miaoprocessor 10 activates the transmitting device of the radio-frequency unit 
16 in sudi a way as to make It transmit from the aerial 18 the command signal 
of the emulated remote controller. 

Naturally certain precautions must be taken to prevent fraudulent use 
35 of the remote controller according to the present Invention during the learning 
phase, to prevent the user from emulating a remote controller which he does 
not own by capturing Its operating parameters without the knowledge of Its 
legitimate owner. One or more of the measures desalbed below may be taken 
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for this purpose. 

A first measure of a general nature consists In the use, in the radio- 
frequency unit, of a receiving device having low sensitivity, possibly provided 
with a low-gain aerial. In this case the original remote controller and the 

5 remote controller according to the present invention must be very close during 
the learning phase, and It will not generally be possible to execute the learning 
operation out of sight of the owner of the original remote controller. 

A second measure is to require a fairly long period, of the order of 
several tens of seconds for example, of activation of the original remote 

10 controller, so that automatic learning cannot be executed during the normal 
use of the original remote controller, since the lattw is generally aaivated for a 
much shorter time, for example for a few seconds only. 

A tWrd measure consists in requiring confirmation of the parameters 
before storage, for example by requesting, by means of the illumination or 

15 flashing of a light-emitting diode, a second activation of the original remote 
controller after a certain time Interval following the first aalvation, which 
evidently cannot be done If the original remote controller Is not in the user's 
possession. 

If the keypad 12 comprises more than two keys, it will ob\dously be 
20 possible not only to store a number of functions from a single original remote 
controller, but also to store the opo-ating parameters of more than one original 
remote controller, and consequently it will be possible to use the present 
remote controller in place of a number of original remote controllers, with 
evident advantages aridng from the neces^ty of earring only one remote 
25 controller Instead of a number of them. 

Passing on to the description of the practical embodiment of the 
remote controller according to the present Invention as shown in the complete 
block diagram in Figure 2. it should first be pointed out that currently used 
remote controllers using elearomagnetic waves operate substantially in two 
30 frequency bands: the first band contains the frequencies from 26 to 34 MHz 
and the second band contains the frequendes from 260 to 400 MHz. 

Thus, as shown In greater detail In Figure 2, the radio-frequency unit 
16 comprises a frequency synthesiser 20. whose prescaler input is connected 
directly to a low-gain recdving aerial 18' for the reasons of security described 
35 previously, and whose command Input is controlled directly by the 
nricroprocessor 1 0 whldi sets Its operating frequency. 

The frequency synthesiser 20 also directly controls a voltage-con- 
trolled oscillator (V.CO.) 22 through a synchronising circuit of the PLL (phase- 
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locked loop) type contained In the said frequency synthesiser 20. which 
continuously checks and corrects the oscillation frequency of the oscillator 22. 

For the transmission of the command signal for the activation of the 
remotely controlled equipment, the remote controller In Figure 2 makes use of 
5 a final power transmitting device 24, controlled dlrertly by the oscillator 22 
and switched to transmit directly by the microprocessor 10, In the radio- 
frequency unit 16. For the transmission of the command signals, the final 
power transmitting device 24 makes use of a ferrite transmitting aerial 18" in 
the low frequency range (26-34 MHz) and a high-gain transmitting aerial 18"* 
10 in the high frequency range (260-400 MHz). 

During the learning phase for the emulation of a remote controller, the 
final power transmitting device 24 is switched by the microprocessor 10 so 
that it operates as a radio-frequency aerial niner, and Its output, together with 
the output of the oscillator 22, Is connected to a mbcer unit 26, after which the 
15 signal passes to an Intermediate-frequency amplifier and amplitude 
demodulator unit 28. 

The output of the amplitude demodulator Is connected to the 
microprocessor 10, while the output of the intermediate-frequency ampUfler Is 
also connected to a frequency demodulator unit 30. The output of the 
20 frequency demodulator unit 30 is connected directly to the miaoprocessor 10, 
which In this way detects, at different ports, the passage of the frequency of the 
local oscillator in the vicinity of the frequency of the signal received at the 
aerial, and also detects the demodulated signal which represents the code for 
the activation of the remotely controlled equipment. 
25 One or more Ught-emittlng diodes (LEDs) 32 are also provided for the 

communication of Information to the user, for example to request the 
repetition of the operation of the original remote controller during the learning 
phase, or to confirm that storage has takai place. 

With reference to Figure 3, the detailed electrical circuit of the 
30 currently preferred embodiment of the present remote controller using 
electromagnetic waves vtrtlh automatic learning functions vnW now be 
described. 

The circuit diagram in Hgure 3 shows the blocks corresponding to the 

block diagram In Figure 2. 
35 The variable-frequency voltage-controlled oscillator 22 comprises. In 

practice, two transistors, and a4, to cover the two ranges envisaged for the 
present remote controller. More precisely, as Is used for the low range from 26 
to 34 MHz, while Q.4 is used for the high range from 220 to 440 MHz. 
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The embodiment using two separate oscillator transistors Instead of 
one with switched reactances is more economical and compact in practice in 
view of the spacing of the ranges to be covered and the difference in levels 
required by the present application. However, the embodiment with a single 
5 oscillating transistor and switched reactances may obviously be used If 
preferable for any reason. 

As may be seen clearly In the circuit diagram in Figure 3. the two 
osdllators are of the same type, and the differences consist solely in the 
different dimensions of the reactive components, in the different polarisations, 
10 and, obviously, in the different types of transistors: a valid description may 
therefore be provided with reference to only one of the oscillators- 

The resistors R26, R27, R28 and their homologues R31, R32, R29 
provide a high degree of stability at the initial operating point of the transistors 
Q3 and Q4 respectively, while the capacitor C26 and its homoiogue C32 
IS short-circuit the bases of the transistors Q3 and Q4 respeaively for the radio 
frequency. 

The tuned circuit which determines the oscillation frequency of the 
transistors Q3 and Q4 principally consists of the components L3, CZ2 and the 
varicap diode D12, which constitutes the variable reactance for the transistor 

20 03. and consists of L5, C29 and D13 for the transistor Q.4. 

The positive reaction necessary to sustain the permanent oscillations 
is supplied through a reactive transformer comprising the capacitors C23 and 
C2S for the transistor Q3 and C30 and C31 for the transistor Q.4; owing to the 
limited value of the reactance of such transformers with respect to the 

25 principal reactance, they have no practical effect on the oscillation frequency. 

A low-pass filter consisting of the components R25 and C24 for the 
transistor Q3, and R30 and C28 for the n-anslstor Q4, enables the varicap 
diode to be polarised, blocking the passage of the radio frequency along the 
frequency control line, indicated by FC In Figure 3. 

30 The voltage-controlled oscillator 22 is coupled through C21 and L4, 

which form a high-pass filter for the output of the HF oscillator constructed 
around the transistor Q.3 and a low-pass filter for the output of the oscillator 
LF construrted around the transistor Q4 respectively, to the final power 
amplifier 24 and the radio-frequency input of the frequency synthesiser 20. 

35 formed by using a PLL integrated circuit of the MC44802 type. The resistor 
R24 is a level control element for the radio-frequency Input signal of the 
frequency synthesiser 20. 

The final power amplifier 24, with the corresponding aerials 18" and 
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18"', uses a transistor Q2 as the active component. During the transmission 
phase, the resistors R33, R8 and R9 polarise the transistor Q2 to make It 
operate as a class C ampUfter. The aerials are formed by the following tuned 
circuits: 12. CIO, D4 for the low range, and L3, C7, D3 for the high range. 

5 During transmission in the low range, the reaaances L3, C7, D3 have 

a negligible effect, while the capacitor C8. through the radio-frequency 
switching diode D15, short-circuits LI during transmission In the high band. 

The varicap diodes D3 and D4 are polarised through RIO and Rll 
respectively, by the same line which polarises the varicap diodes D12 and 

10 Dl 3 of the oscillators, and in this way the varicap diodes D3 and D4 tune the 
output circuits to the frequency of the oscillators. 

During the reception phase the gain of the transistor Q2 is reduced 
drastically by reducing its polarisation, and the reduced signal from one of the 
oscillators is present at its collertor together with any useful signal picked up 

15 from the corresponding tuned drcult. 

The mbcer 26 consists of a radio-frequency diode D2 and the resistors 
for the polarisation and centring of the swing of the following Intermediate- 
frequency amplifier of the unit 28. It receives at Its Input both signals, that 
generated by the osdllator and that obtained up from the nined drcuit and 

20 supplies at its output the beat frequency which is sent to the unit 28. 

In the unit 28, the intermediate-frequency amplifier and amplitude 
demodulator consists of an operational amplifier ICl/B with the network R4, 
R5, C3. C4 which limits the band width to 1 MHz about the central value of 4 
MHz. The amplitude demodulator or detector uses a diode Dl and the filter 

25 network C2, R37, R3. C33. 

A second operational amplifier ICl/A is used as a linear amplifier 
during the half-period in which the negative half-wave is present at the point 
A, while, during the positive half-wave. It Is put Into the low saturated state by 
the diode D14. In this way a Wnd of phase discriminator Is formed, which, 

30 together with the ceramic filter Yl , which has a phase difference of 90" at the 
central frequency, forms a frequency discriminator of what is known as the 
quadrature type. 

The filter consisting of the components Rl. Cl, R34 attenuates the 
mean-frequency products towards the input port of the microprocessor 10. 
35 The operation of the currently prefen-ed embodiment, the electrical 

circuit of which is shown in Figure 3. of the remote controller using 
eiertromagnetic waves with automatic learning ftmaions according to the 
present invention will now be described with reference to the fiowchart in 
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Figures 4a and 4b. 

When all the keys are released, the present remote controller, as seen 
more clearly In the diagram In Figure 3, is not supplied with current, and is 
consequently in the state of maximum energy saving, the energy being 
5 supplied by electrical batteries as is usual for remote controllers of this type. 

When any of the Iceys available to the user is pressed, power is 
supplied to the remote controller, and the miaoprocessor 10 begins to 
operate, causing initialisation of the remote controller. 

The miCToprocessor 10 then determines which Icey has been pressed, 
10 and, if it is different from the learning key. enters the phase of emulation of the 
original remote controller supplied with the equipment to be remotely 
controlled. The microprocessor 10 first checks that there are valid parameters 
associated wldi this key, for example because the key has been used 
previously to store the operating parameters. In other words the data required 
15 by the miaoprocessor 10 to cause the remote controller to operate in 
emulation of a specific original remote controller supplied with the equipment 
to be remotely controlled. 

If valid parameters are found in the memory, the miaoprocessor 10 
retrieves the operating parameters of the remote controller to be emulated 
20 from the non- volatile memory 14. . 

On the basis of these data, the ndcroprocessor 10 selects a 
transmission band and frequency, activating the oscillator Q3 or Q.4 through 
one of the ports Bl or BO respectively of the frequency synthesiser 20 and 
setting Its operating frequency. Ha^dng set the operating frequency of the 
25 transistor Q3 or Q4 through the frequency synthesiser 20 and having activated 
the HP or LF osdllatbr through the port Bl or BO of the synthesiser 20, the 
microprocessor 10 modulates the output of the final power amplifier 24 
through its port PA2. 

When the key is subsequently released, the power supply to the 
30 remote controller is cut off and the operation therefore ceases. 

If, however, during the initial phase of operation, it is found that the 
learning key S5 has been depressed, the microprocessor 10 Is forced to execute 
the operations required to detea and measure the operating parameters of a 
remote controller to be emulated, and to store the data relating to these 
35 parameters in the non-volatile memory 14, 

During this learning phase, the microprocessor 10 causes the LED 32 
to flash rapidly, to indicate to the user that the present remote conn-oller is 
waiting to receive the signal transmitted from the original remote controller. 
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The microprocessor 10 then sets its pon PA6 and the frequency synthesiser 20 
so that the low-gain aerial 18* is connected to the input of the prescaler and 
the output B5 of the prescaler is sent to the pon PAS of the microprocessor 10. 
The microprocessor 10 then monitors the output of the prescaler to identify the 

5 presence of the signal from the original remote controller. 

When the user has pressed the activation key of the original remote 
controller, the microprocessor 10 executes an approximate count of the output 
signal from the prescaler of the frequency synthesiser 20, in order to Identify 
the transmission band of the original remote controller. When this band has 

10 been identified, the microprocessor 10 sets the PLL of the frequency synthe- 
siser 20 to the start of the Identified band, turns on the HF or LF oscillator 
which operates in this band, and scans the band with frequency increments of 
0.5 MHz until an amplitude modulation is detected. 

It then proceeds with inaements, for example, of 1 kHz, If the low 

15 band (26-34 MHz) is being searched, or of 10 kHz, If the high band (260-400 
MHz) is being searched. At the same time, the output of the discriminator 30 is 
monitored, and the scanning is stopped when the frequency of the synthesiser 
20 coincides with the transmission frequency of the original remote controller. 
The microprocessor 10 then stores the parameter relating to the transmission 

20 frequency of the original remote controller in the non-volatile memory, and 
then analyses, by means of the AM detector 28, the code of the message 
transmitted by the original remote controller and stores the parameters relating 
to the code of this message In the non-volatile memory 1 4. 

To Indicate the successful outcome of the learning operation, the 

25 microprocessor 10 causes the LED 32 to flash slowly, whereas It keeps the 
LED 32 constantly illuminated in case of error, for example If the end of the 
searched band Is reached or If the width of the AM detector range is exceeded 
without identification of the transmission frequency of the original remote 
controller. 

30 If the learning operation has been successful, the miaoprocessor 10 

waits for a certain time interval, for example five seconds, and then repeats the 
analysis of the code of the message received. If this message is the same, 
within certain well-defined tolerances, as the one stored previously, thus 
Indicating that the user has continued to press the key of the original remote 

35 controller, the microprocessor 10 causes the LED 32 to Hash rapidly, thus 
requesting the user to press the key with which the detected parameters are to 
be associated, and, when this Information has been obtained, associates it 
with the parameters written to the non-volatile memory 14. If the message is 
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found to be different, the niicroprocessor 10 keeps the LED 32 constantly 
Illuminated, thus indicating that an error has occurred; in this case, the whole 
learning procedure is cancelled. 

When the key is subsequently released, the power supply to the 
5 present remote controller is cut off, and the data stored in the non-volatile 
memory 14 remain available for subsequent activations of the present remote 
controller- 

Naturally, an indicator of any type,, whether optical or of another 
kind, for example of the acoustic type, may be used in place of the indicator 
10 LEDs32. 

Although only one preferred embodiment of the remote controller 
using electromagnetic waves with automatic learning functions has been 
spedflcally illustrated and described herein, it is to be understood that minor 
variations may be made in the construction thereof without departing from the 
15 spirit and scope of the invention as defined by the appended claims. 
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Clalms 

1. Remote controller using electromagnetic waves witii 
automatic learning functions, characterised in that it comprises in 
combination: a radio-frequency unit (16) provided with at least one receiving 
device and one transmitting device and conneaed to at least one receiving and 

5 transmitting aerial (18); a microprocessor ui^t (10) connected to the said 
radio-frequency unit (16) so that It can receive data from it and send to it 
command signals and data to be tranarUtted; a memory (14) for the storage of 
the data; and a keypad (12) by means of which the user sends the operating 
coiiunands to the microprocessor (10), the arrangement being such that, when 

10 a learning key is pressed for the emulation of an original remote controller, the 
microprocessor (10) prepares the receiving device of the radio-frequency unit 
(16) for operation, analyses the data received from It, varies its operating 
parameters until It Identifies the operating parameters of the original remote 
controller, and stores in the memory (14) the operating parameters thus 

15 identified, while, when a key is pressed to remotely control the controlled 
equipment, the mlaoprocessor (10) retrieves from the memory (14) the 
previously stored operating parameters and, by means of these, prepares for 
operation and activates the transmitting device of tfie radio-frequency unit 
(16). 

20 2. Remote controller according to Claim 1. characterised In that 

the said keypad (12) comprises a number of keys, the pressing of at least one 
of which, during the learning phase, is associated with the storage of a set of 
parameters relating to an original remote controller different from that wltii 
which at least one other key Is associated, while, during the transmission 

25 phase, it is associated with the transmission of a command signal for the 
controlled equipment, the signal being obt^ned from the set of parameters 
separately assodated with this particular key. 

3. Remote controller according to Claim 1 or 2, charaaerised In 
that the said radio-frequency unit (16) comprises a frequency syntiiesiser (20). 

30 whose prescaler Input Is connected to a receiving aerial (18') and whose 
prescaler output is connected to an input port of the said microprocessor (10), 
under tiie control of the mlaoprocessor (10) Itself, the arrangement being such 
that the approximate counting of the prescaler output signal executed by the 
microprocessor (10) enables the transmission band of the original remote 

35 controller to be identified. 

4. Remote controller according to Claim 3, characterised In that 
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the said frequency synthesiser (20) also controls a voltage-controlled oscillator 
(22) through a PLL synchronisation circuit contained within It. 

5. Remote controller according to Claim 4. characterised in that 
the said variable-frequency voltage-controlled oscillator (22) comprises one or 

5 more oscillator transistors, one for each frequency band, each oscillator 
transistor being activated separately by the said miaoprocessor (10). 

6. Remote controller according to Claim 4, characterised in that 
the said variable-frequency voltage-controlled oscillator (22) comprises a 
single oscillator transistor pro>4ded with a number of swltchable reaaance 

1 0 units, one for each frequency band. 

7. Remote controller according to any pf Claims 4 to 6, 
characterised In that the said radio-frequency unit (16) comprises a final 
power transmitting device (24), which is controlled by the oscillator (22) and 
switched to transmit by the microprocessor (10), and whose output controls a 

15 ferrite transmitting aerial (18*') in the low-frequency range and a high-gain 
transmitting aerial (18*^*) in the high-frequency range. 

8. Remote controller according to Claim 7. charaaerised In that, 
during the learning phase for the emulation of an original remote controller, 
the final power transmitting device (24) is switched by the microprocessor ( 1 0) 

20 so that It operates as an aerial tuner, and Us output, together with the output 
of the oscillator (22), Is connected to a mixer unit (26), after which the signal 
passes to an intermediate-frequency amplifier and amplitude demodulator 
unit (28), the output of the amplitude demodulator being conneaed to the 
said miCToprocessor (10), while the output of the Intermediate-frequency 

25 amplifier Is then connected to a frequency demodulator unit (30) whose 
output is connected to the said microprocessor (10). 

. . 9. Remote controller according to any of the preceding claims, 

characterised In that the said receiving device of the said radio-frequency unit 
(16) has low sensitivity. 

30 10. Remote controller according to any of the preceding claims, 

characterised In that the said receiving device of the said radio-frequency unit 
(16) is provided with a low-gain aerial (18) or aerials (18\ 18", 18"'). 

11. Remote controller according to any of the preceding claims, 
characterised In that means are provided which ensure that, during the 

35 learning phase, the original remote controller must be aalvated for a period 
much longer than the normal activation period. 

12. Remote controller according to any of the preceding claims, 
characterised In that means are provided which ensure that, during the 
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leaming phase, the original remote controller must be activated for a second 
time to enable the detected parameters to be confirmed. 

13. Remote controller according to any of the preceding claims, 
characterised in that the said memory (14) is of the non-volatile type. 
S 14, Remote controller according to any of the preceding claims, 

characterised in that an indicating device is provided for the communication of 
information to the user. 

15. Remote controller according to Claim 14, characterised in 
that the said indicating device for the communication of information to the 

10 user consists of a light-emitting diode (32). 

16. Remote controller according to Claim 14. characterised in 
that the said indicating device for the communication of infprmaiion to the 
user consists of a number of light-emitting diodes (32). 

17. Remote controller according to Claim 14, characterised in 
15 that the said indicating device for the communication of information to the 

user consists of an acoustic de\dce. 
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